Abstract: Most organisations still experience a lack of business intelligence (BI) in their decision-making processes when implementing enterprise systems. The current state-of-the-art in decision support takes the intelligence requirements of enterprise systems as important quality aspects into consideration, along with their functional and non-functional needs, but the literature lacks studies on the evaluation of these intelligence requirements. This paper proposes a fuzzy, multi-criteria decision-making procedure and a multi-objective programming model to evaluate and make final decisions about the selection of enterprise systems that also include the requirements of business intelligence in addition to their other goals and requirements. In order to validate the model with a real application, all phases of the approach were applied in the evaluation of the enterprise systems of a company in the oil industry. Companies can use this model to evaluate, select and implement enterprise software and systems that will provide better decision support for their organisational environment.
Introduction
Nowadays, the approach to decision support as an individual system, such as decision-support systems (DSS), has been replaced by a new approach that creates an integrated decision-support environment. In the past, DSS were independent systems within an organisation and had a weak relationship with other systems (island systems). Now enterprise systems are the foundation of an organisation and practitioners design and implement business intelligence (BI) as an umbrella concept to create a comprehensive decision-support environment for management (Alter, 2004) . The evaluation of enterprise systems, intelligent tools and business systems requires intelligence criteria as well as the traditional functional and non-functional criteria.
Several criteria, techniques, tools and methods for evaluating and selecting software were recently reviewed by Sonarb (2009, 2011) . However, these limited efforts to evaluate BI or the intelligence of enterprise systems have always considered BI as tools or systems that are separate from the other enterprise systems. Lönnqvist and Pirttimäki (2006) designed a performance model to measure and evaluate BI, but their criteria were restricted to the determination of BI investment worth and BI values. Elbashir et al. (2008) discussed the measurement of the effects of BI systems on business processes and presented a model to make these measurements and Lin et al. (2009) have developed a performance assessment model for BI systems using analytic network process (ANP). However, these last two models also treated the BI systems as separate systems. The most related research work conducted in assessing the BI competences of ESs was Ghazanfari et al. (2011) in which models for the BI assessment of ESs have been proposed. This model has been proposed based on the six factors namely 'analytical and intelligent decision-support', 'providing related experimentation and integration with environmental information', 'optimisation and recommended model', 'reasoning', 'enhanced decision-making tools', and finally, 'stakeholder satisfaction'. Furthermore, Rouhani et al. (2012) proposed an evaluation model of BI for enterprise systems using fuzzy TOPSIS. They utilised fuzzy TOPSIS approach to rank enterprise systems, based their BI potentials. Recently, Popovič et al. (2012) in near domain, has evaluated the effectiveness of business intelligence systems (BIS) and proposed the model based on relationships between maturity, information quality, analytical decision-making culture, and the use of information for decision-making as significant elements of the success of BIS. Following Işık et al. (2013) in BIS success domain, have suggested a PLS model which emphasis that decision environment does influence the relationship between BI success and BI capabilities. This review prove the gap and lack for practical guidance include factors, criteria and process to assess enterprise systems for their BI capabilities or evaluate BIS for their effectiveness.
The umbrella concept has led to an investigation of better ways to evaluate and select enterprise systems, with software that satisfies multiple objectives. In this paper we address the following research questions:
RQ1 What are the evaluation criteria for BI competencies for enterprise systems and software?
RQ2 How can organisations evaluate and select their enterprise systems and software including intelligence criteria along with their other requirements?
This research was carried out to present and demonstrate a fuzzy evaluation model to evaluate, select and purchase enterprise systems and software that will provide efficient decision-making support as an important quality issue. This approach can be used to evaluate candidate enterprise systems, such as enterprise resource planning (ERP), supply chain management (SCM), customer relationship management (CRM), and accounting and office automation systems. Due to the importance of these systems in one hand and diversity of them in other hand, such evaluation is considerable and necessary. Section 2 outlines the attempts of past research to define BI and a summary of BI definitions. Section 3 summarises the literature reviews about the selection of enterprise software and systems, and Section 4 presents the stages of evaluation of the intelligence of enterprise systems in detail: the fuzzy multi-criteria decision-making (MCDM) method, the intelligence and the non-functional evaluation criteria and multi-objective 0 to 1 programming model. In order to validate the proposed approach, an actual application of the proposed approach is demonstrated in Section 5 through an evaluation of a company in the oil industry. Finally, Section 6 concludes the research work and its findings, and proposes future research.
Business intelligence
BI is a grand, umbrella term introduced by Howard Dresner of the Gartner Group in 1989 to describe a set of concepts and methods to improve business decision-making by using fact-based computerised support systems, and subsequently, the term has been well-known in business and IT market (Nylund, 1999) . However, the first scientific definition, by Ghoshal and Kim (1986) referred to BI as a management philosophy and tool that can help organisations to manage and refine business information systems for the purpose of making effective decisions.
BI was considered to be an instrument of analysis, providing automated decision-making about business conditions, sales, customer demand, product preference, and so on. It uses large database (data-warehouse) analysis, as well as mathematical, statistical and artificial intelligence, data mining, and online analysis processing (OLAP) (Berson and Smith, 1997) . Eckerson (2010) stated that BI must be able to provide the following tools: production reporting tools, end-user query and reporting tools, OLAP, dashboard/screen tools, data mining tools, and planning and modelling tools. Also, according to Tutunea and Rus (2012) , the BI solutions/products, have modular functionalities that include: dashboards, localisation and business data visualisation in geographical or geo-location format, what-if analysis, interactive reports and finally sharing, distributing information to users, viewable in normal, easily interpretable format.
A literature review of BI reveals a division between technical and managerial viewpoints, following two broad patterns. The managerial approach sees BI as a process in which data are gathered from inside and outside the enterprise and are integrated in order to generate information relevant to the decision-making process. From this viewpoint, the role of BI is to create an informational environment in which operational data gathered from transactional processing systems (TPS) and external sources can be analysed, in order to extract strategic business knowledge to support the unstructured decisions of management. The technical approach considers BI as a set of tools that supports the process described above. The focus is not on the process itself, but on the technologies, algorithms and tools that allow the saving, recovery, manipulation and analysis of data and information (Petrini and Pozzebon, 2009) .
However, in the overall view, there are two important issues. First, the core of BI is the gathering, analysis and distribution of information. Second, the objective of BI is to support the strategic decision-making process. Strategic decisions are decisions related to implementation and evaluation of organisational vision, mission, goals and objectives, which are supposed to have medium-to long-term impact on the organisation, as opposed to operational decisions, which are day-to-day in nature and more related to execution (Petrini and Pozzebon, 2009 ). Bose (2009) also describes the managerial view of BI as a process to get the right information to the right people at the right time so they can make decisions that ultimately improve the performance of the enterprise.
The technical view of BI usually centres on the processes, applications and technologies for gathering, storing and analysing data, and for providing access to data that helps management make better business decisions. Another important observation in the BI evolution is that industry leaders are currently transitioning from the operational BI of the past to the analytical BI of the future, which focuses on customers, resources and capabilities to influence new decisions, on an everyday basis. They have implemented one or more forms of advanced analytics for meeting these business needs. Ranjan (2008) considers BI as the conscious, methodical transformation of data from any and all data sources into new forms to provide information that is business-driven and results-oriented. It will often encompass a mixture of tools, databases, and vendors in order to deliver an infrastructure that will not only deliver the initial solution, but will also incorporate the capability to change with the business and the current marketplace. Wu et al. (2007) define BI as a business management term used to describe applications and technologies that are used to gather, provide access to, and analyse data and information about the organisation, in order to help management make better business decisions. In other words, the purpose of BI is to provide actionable BI technologies including traditional data warehousing technologies, such as reporting, ad hoc querying, and OLAP. Elbashir et al. (2008) refer to BI systems as an important group of systems for data analysis and reporting that support managers at different levels of the organisation with timely, relevant and trouble-free ways to use information, enabling them to make better decisions. They explain that BI systems are often implemented as enhancements to widely adopted enterprise systems, such as ERP systems. The scale of investment in BI systems is reflected in their growing strategic importance, highlighting the need for more attention in research studies.
Recently, Jalonen and Lonnqvist (2009) wrote that BI generates analyses and reports on trends in the business environment and on internal organisational matters. They explained that analyses may be produced systematically and regularly, or they may be ad hoc, related to a specific decision-making context. This knowledge is employed by decision makers at different organisational levels. This process results in the generation of both numerical and textual information.
These definitions engender two important propositions:
1 Often, approaches to BI are limited by the supported functions, systems, or system types.
2 BI is aimed primarily at providing an organisation's management with decision-relevant analytic information in support of their management activities.
In Table 1 , BI definitions are divided, based on three approaches: a managerial approach, a technical approach, and an approach to BI as an enabler of enterprise systems. In this study, we follow a system-enabler approach to define BI. As matter of fact, organisations will have a better decision-support environment if they enhance their enterprise systems with value-added features and functionalities. Therefore, in our model, we have given high priority to the intelligence objective. In general, BI is defined as non-functional requirements for enterprise systems, but with respect to its importance in today business decision-making and business management, the researchers and practitioners (Elbashir et al., 2008; Ghazanfari et al., 2011; Lönnqvist and Pirttimäki, 2006; Ranjan, 2008; Rouhani et al., 2012) have assumed this sub-category of requirements like new category for study the specification of the systems, mainly in system-enabler approach in BI definitions.
Related research: selection of enterprise software and systems
The literature lacks studies that consider the evaluation of both the functional and non-functional suitability of the alternative enterprise software and systems using various criteria. The requirements of decision support, known as the BI concept, have also not been found in the literature of software selection.
Recently, Sonar (2009, 2011) reviewed several criteria, techniques, tools and methods for evaluating and selecting software and systems. Their research covers many findings from past research and outlines efforts that have been made in the field of software selection.
However, highly dynamic markets call for effective enterprise software systems to enhance competitive advantage (Wei et al., 2005) . Because 70% of corporate business software expenditures are made for the purchase of pre-developed, configurable systems from software vendors (Holland and Light, 1999) , it is obligatory to consider and fulfil the total requirements for all organisational needs.
Enterprise software packages are pre-written by a vendor to provide a set of standard functions usable by a wide variety of companies, regardless of size or industry. Commercial off-the-shelf (COTS) is the other term that refers to enterprise software, such as accounting, e-commerce, human resources (HR), CRM, SCM, and ERP systems.
In the literature, the selection process for enterprise software mainly uses the method of eliminating potential solutions (Lawlis et al., 2001) , and MCDM (Kazancoglu and Burmaoglu, 2013; Wei et al., 2005; Zandi and Tavana, 2010) . Software evaluation is a MCDM problem that refers to making preferred decisions from the available alternatives, and this problem has usually been solved by analytical hierarchy process (AHP) (Colombo and Francalanci, 2004; Wei et al., 2005; Zielsdorff et al., 2010) . Another approach to the evaluation and selection of software and systems is a weighted scoring method that has been applied by Perez and Rojas (2000) .
Some authors used optimisation models to solve the software selection problem. Shen et al. (2006) developed a fuzzy optimisation model for selecting the best COTS product in the development of a software system based on COTS. Neubauer and Stummer (2007) presented a two phase decision support approach based on multi-objective optimisation for the COTS selection. Zachariah and Rattihalli (2007) used goal programming approach in multi-criteria optimisation model for the COTS selection. Cortellessa et al. (2008) developed an optimisation framework to support 'build-or-buy' decision which affects the software cost as well as the ability of the system to meet its other requirements in selecting software components. Gupta et al. (2012a) introduced an interactive fuzzy approach for solving a multi-objective COTS selection model that provides a strategy for selecting optimal COTS alternatives products from the pool of alternative components that differ in their properties, viz. quality, reliability, functionality and cost. Gupta et al. (2012b) have used fuzzy mathematical programming (FMP) for developing a bi-objective optimisation model that aims to select the best-fit COTS components for a modular software system under multiple application development task. Zhiqiao et al. (2012) proposed an integrated decision model to assist decision-makers in selecting reuse scenarios for components used for implementation and in simultaneously determining the optimal number of test cases for verification. An objective of the model is the minimisation of development cost, while satisfying the required system and reliability requirements. Jha, et al. (2014) formulated fuzzy bi-criteria optimisation model for component selection under build-or-buy scheme. The model simultaneously maximises intra-modular coupling density (ICD) and functionality within the limitation of budget, reliability and delivery time.
But all of previous research concentrated on requirement engineering and software quality without covering all aspects of enterprise systems evaluation, selection and implementation. Another observation based on the review of the literature (Jadhav and Sonar, 2009 ) is that although the functional criteria for software selection are altered for different software packages, other criteria related to the quality, cost and benefits, vendor, hardware and software requirements, the opinions of different stakeholders about the software package, and the output characteristics of the software package are universal and can be used for evaluation of any software package. Furthermore, many of these methods consider only the traditional non-functional criteria, but do not offer a process that includes intelligence criteria and a customised approach to the decision-making process.
In current research, various aspects of software evaluations, selection and implementation with novel idea of emphasis on intelligence evaluation are considered in proposed approach and multi objectives model.
An intelligent approach to the evaluation of enterprise systems
An intelligent approach to the evaluation and selection of enterprise systems includes four aspects relevant to the evaluation and selection of the most suitable enterprise systems. The first aspect of the approach is a set of evaluations that are executed in order to select supporting BI software with a high intelligence level, on the basis of the criteria of BI competency and capability. The second dimension includes analysis of the functional and non-functional suitability of the options on the basis of the requirements of the organisation. The third aspect of the proposed approach is the maximisation of the integration and relationships of the software and systems in the enterprise. The fourth aspect of the proposed approach is a quantitative evaluation of the implementation factors of cost and time. A procedural flowchart for evaluation and selection is described in Figure 1 . To perfect the assessments, it is necessary to have iterative refinements in evaluation aspects and steps of proposed approach.
In this approach fuzzy evaluation is applied because of widely practice linguistic terms are used for evaluations by organisational decision makers. Multi objectives model is utilised for the reason of different aspects of evaluation and multi-criteria because of different levels and requirements that are vital and finally for selection and implementation of best needed system, binary (0-1) model is used.
Form evaluation teams
Expert teams should be formed to evaluate the intelligence, as well as the functional, non-functional, and integration aspect of their enterprise systems. The teams should consist of all related managers in the organisation, at different levels and from all departments. In essence, one team includes decision makers at all levels of management that have responsibility for intelligence evaluation based on the BI criteria. Another team consists of managers and supervisors of related systems and this team evaluates the functional requirements of the systems. Concurrently, IT managers and experts evaluate the non-functional requirements. To maximise integration in the organisation, one team should consider the priorities for integration of the systems and the compatibility of pairwise systems from different vendors.
Classify the criteria for evaluation of enterprise systems
The functional requirements are the functions of the enterprise systems that are expected by the stakeholders and end-users. Wide-ranging industry research, in-depth interviews with users and analysis of current versions of software systems are methods for exploring the functional requirements.
The non-functional requirements are features of the system that are not covered by its functional description but are related to the capability and resiliency of the system. Researchers and practitioners have developed categories for the non-functional requirements, from different viewpoints. Jadhav and Sonar (2011) classified these criteria as quality, technical, vendor, output and opinion categories, based on ISO/IEC9126. Similarly, Sen et al. (2009) divided these requirements into quality characteristics, technical factors and socio-economic factors (business and vendor). Previously, these different sets of non-functional criteria were described by Karlsson (1997) , Erol and Ferrell (2003) , Wei and Wang (2004) , and Wei et al. (2005) . The current research concentrates on more recent research: Jadhav and Sonar (2011) Step 1
Step 2
Step 4
Classify the criteria for enterprise systems evaluation
Step 3
Gather data about vendors and systems
Perform functional evaluation
Perform non-functional evaluation
Perform intelligence evaluation Perform integration analysis
Step 5
Step 6
Design and solve the multi-objective programming model Selected enterprise systems
Define implementation factors
Determine systems implementation times Determine systems implementation costs As mentioned before, BI is requirement category for study the decision support specifications of the systems, mainly in system-enabler approach in BI definitions. Therefore in this paper with referring to the supporting researches of this approach, the group requirement which measure the decision support capability and infrastructures of enterprise systems were clustered in intelligence criteria. The intelligence evaluation criteria of enterprise systems and software are the competencies and capabilities of enterprise systems in the field of decision support and BI. There is no comprehensive list of intelligence criteria from past research. Therefore, as a contribution of this research, the authors reviewed various studies about decision support and BI and used their recent research (Rouhani et al., 2012) . As a result, 22 criteria to evaluate the intelligence of enterprise systems were classified and gathered in Table 2 . Groupware that supports group decision-making, the optimisation technique and the learning technique (which help in unstructured decision making), and simulation models are all basic capabilities that can be included in the list of intelligence criteria. Import and export data from other systems, visual graphs and reports, and summarisation are also important requirements of decision support. Backward and forward reasoning, knowledge reasoning, alarms and warnings, and dashboard/recommender were also mentioned by researchers as tools to enrich the decision-making process. Combination of experiments, environmental awareness, fuzzy decision-making, intelligent agents, MCDM tools, online analytical processing (OLAP) and data mining techniques as well as web, mobile and e-mail channels are considered important aspects of the intelligence and decision-support capabilities of enterprise systems. Table 2 Intelligence evaluation criteria
Criteria title Related research
Group decision-making (groupware)
Evers ( 
Gather data about vendors and systems
Evaluation teams should gather a wide range of general information about Enterprise Systems vendors and systems. This information can be acquired from professional journals and magazines, exhibitions, brochures, websites, and demos. In addition to the intelligence, functional, non-functional requirements, and issues of time and cost of implementation, information about integration is also vitally important. After investigating the information from vendors, the evaluation teams can eliminate the vendors and their systems that are clearly unqualified, and by this means, reduce the number of alternatives. For the final choice of the enterprise system, each of the vendors is requested to demonstrate their systems and to provide information in response to the specific questions and criteria. The decision makers then assess the vendors' proposals, evaluating the intelligence of the proposed systems, their capability to fulfil the functional and non-functional requirements of the company and the integration issues for each system. 
Fuzzy evaluation
In this step, qualitative evaluations are conducted to determine the intelligence and the functional and non-functional suitability of the alternatives, based upon various criteria. It is easier for a decision maker to describe the importance of a criterion by using ordinary language. Thus, the weights of ranking of these criteria are assessed in simple linguistic terms such as 'high', 'powerful' and 'weak'.
The fuzzy set theory was introduced by Zadeh (1965 Zadeh ( , 1976 to cope with the vagueness and uncertainty of some information. The use of a fuzzy set theory allows the decision makers to include qualitative information, intuitionistic values, incomplete information, non-obtainable information and somewhat unconfirmed facts into a decision model (Kulak et al., 2005; Moalagh and Zare Ravasan, 2013; Wei et al., 2011) .
There are two main steps for demonstrating fuzzy sets: identifying a suitable universe of discourse and defining membership functions (Yager and Zadeh, 1992) .
A fuzzy set is a class of objects with a continuum of grades of membership. Such a set is characterised by a membership (characteristic) function, which assigns to each object a grade of membership ranging between zero and one (Kahraman et al., 2004) .
A tilde '~' is placed above a symbol if the symbol represents a fuzzy set. A triangular fuzzy number (TFN) M is shown in Figure 3 . Each TFN has linear representations on its left and right side, with which its membership function can be defined as: In the proposed approach of intelligent evaluation, the weight of importance of each of the factors of intelligence, the ratings of the functional, non-functional and the integration values of the various enterprise systems are expressed in linguistic terms. These linguistic terms are expressed in TFNs as shown in Table 3 . Utilising the fuzzy representation to quantify a human evaluation needs a 'defuzzification' process, which is carried out by mapping of a fuzzy set F to the elements of the universe that are considered significant. In this approach, a well-known defuzzification technique with the name of 'gravity' is applied with formula below: 
Design and solve the multi-objective programming model
After defuzzification of fuzzy evaluations (intelligence, functional and non-functional requirements, the importance and relationship of the systems pairwise for integration issues), and after the gathering of the quantitative data about implementation costs and times, the data are converted into a parameterised format for the multi-objective model. To design this model, the authors took ideas from Sen et al. (2009) and Ziaee et al. (2006) and added extensions to their works. In this model, six objectives that compete with each other are considered. These objectives are: maximising the intelligence of the enterprise systems, maximising the coverage of the functional requirements, maximising the coverage of the non-functional requirements, maximising the integration of the enterprise systems, minimising implementation costs, and optimising the required implementation time (because of parallel implementations) totally. The structure of multi objective model forced us to combine different objectives by minimising their deviations from goal value. Objectives should be modelled in the form of limitation with equal equation to target value and in the objective function we should minimise their deviation and with this role they would be equalled with that target value. The combination of this minimisation is formed by priority and the weight of each objective. The structure of the 0-1 multi-objective programming model is as follows: . ,
. .: In the above model, X sv takes binary values, where 1 represents that enterprise systems and software is selected and 0 represents otherwise. P l represents the priority of the intelligence (decision support) objective. P 2 is the priorities of other objectives. λ i , represents the weights attached to the deviation variables (distance from goals). I sv represents the defuzzy score of the intelligence evaluation of the enterprise system of s from vendor v. f sv represents the coverage of the functional requirements for the enterprise system s from vendor v. Nf sv represents the coverage of non-functional requirements for enterprise system of s from vendor v. Another important objective is the integration of the enterprise systems and if the systems were heterogeneous, the integration would be complex. This integration can be studied by considering two aspects. The first aspect is the severity of the relationship; is the interacting system, which is relevant with X sv in integration objective. Also S represents the total needs systems (modules) and therefore S is the goal of three 0 to 1 objectives.
The solving of this model helps the organisation to achieve the best systems intelligence (decision support) as well as achieving maximum coverage of their other requirements of systems integration, costs and time.
Case study (an actual evaluation)
This new approach to the evaluation and selection of enterprise systems was applied to the Iranian Offshore Engineering and Construction Company (IOEC) in Iran's oil industry to demonstrate its applicability and validity in an actual environment.
IOEC is the first Iranian offshore general contractor to fabricate and install offshore facilities for the Iranian oil and gas industry. Today, IOEC has developed into an Engineering, Procurement, Construction and Installation (EPCI) contractor at international level, and is capable of providing offshore and onshore services for the industry. Due to recent achievements, the company is in the process of looking into the possibility of establishing itself as a holding company.
The IOEC management, in consultation with information systems experts, decided to improve the decision support capabilities of their enterprise systems as well as to replace existing and legacy systems with new, integrated enterprise systems. The company objectives were to create BI, fulfil their functional and non-functional requirements, integrate their systems and optimise the implementations. First of all, in order to evaluate and select the most suitable enterprise systems, evaluation teams were formed. These teams included consultants, unit managers or supervisors, and technical members. In order to classify the functional criteria, team members interviewed the process manager of the business units and departments and then decided upon the functional requirements for each enterprise system (module) in brainstorming sessions. The five main business units are finance and economics (FE), engineering and procurement (EP), logistics (LG), fabrication and operations (FO), and project management (PM). These business units identified the type and the amount of enterprise systems or software needed [S1 (FE); S2 (EP); S3 (LG); S4 (FO); S5 (PM)]. For the five systems, 35 main functional requirements were gathered into a comprehensive checklist (such as project accounting spec for FE or ordering management and suppliers sourcing for EP).
To categorise the non-functional criteria, the team members agreed to utilise the proposed hierarchy that was depicted in Figure 2 . Reliability, usability, maintainability, efficiency, personalisability and portability were selected as quality requirements. Communication protocol, platforms, database management system (DBMS), programming language, documentations, standard configurations and security were identified as technical requirements. Vendor reputation, training and support, length of experience and consulting services were classified as vendors' factors.
Information about eight accessible enterprise systems and ERP vendors and systems were gathered. In the elimination phase, four vendors were removed from the list because of such issues as their consulting services, their maintenance services or sanctions. Each vendor offered its own version of each of the five systems desired, which would lead to a search space of 4^5. Table 4 Linguistic evaluations for intelligence requirements Table 5 Fuzzy weights for intelligence requirements In the evaluation step, the importance of the intelligence criteria was evaluated in fuzzy triangle form, as shown in Table 3 . In assessing the importance (very high -VH, high -H, medium -M, low -L, very low -VL) and the weights of intelligence criteria were multiplied by the score in the fuzzy form. Because of dissimilar functions and levels in the different systems, the importance of the intelligence criteria were different in each system, and the decision makers had to evaluate the importance of each criteria in each system (w sc ). These evaluations were done by three decision makers (DM1 = IT consultant, DM2 = IT manager, DM3 = CEO). Linguistic evaluations for intelligence requirements and calculations of their weights are depicted in Tables 4 and 5 . The importance of functional requirements were transformed in the fuzzy evaluation matrix, and, for each business function, three decision makers evaluated the weights of the functional requirement ( ) ′ sc w by using linguistic terms (very high -VH, high -H, medium -M, low -L, very low -VL) .These evaluations were also done to calculate the weights of the non-functional criteria ( ). ′′ sc w Visual Basic macros (VBA) in Microsoft Excel were developed to carry out the fuzzy calculation. An example of these calculations is shown in Table 6 .
After the weights calculations, the decision makers assessed the systems of different vendors in intelligence, and in the functional and non-functional criteria. These evaluations were again fuzzy (α svi ). Examples of these evaluations are depicted in Table 7 , for the intelligence criteria. Systems of different vendors were also evaluated with respect to the functional and non-functional requirements of the company.
Using the criteria weights and the fuzzy scores of the aggregated evaluations, the final scores were calculated using the equations below, and were transformed to crisp values by the gravity-defuzzification operator: Table 8 . Another important parameter in the proposed evaluation approach is the potential for the integration of the systems and was done by assessing the severity and the importance of the relationship between any two systems (modules) ′ ss r and degree of compatibility of the two enterprise systems ′ ss C under consideration The IOEC required that five systems be implemented at the aspired level of integration. Comparisons of the relationship between any two systems within the five systems are illustrated in Table 9 , and the degree of compatibility between any two systems, which means compatibility between the vendors of the systems, is depicted in Table 10 . This information was gathered by means of interviews with experts and vendors and finalised in a brainstorming session. Table 9 Severity and the importance of the relationship 
Based on these data and the previously computed parameters (scores), we can formulate the goals in the model. This zero-one goal-programming model is solved using Lingo (Release 11.0.0.20) in a few seconds of computation time. To insure that the combination of objectives are the best, Pareto optimality pattern was used and 400 series of P l and P 2 were generated. The non-dominate solutions or Pareto frontier which is the set of choices that are Pareto efficient is demonstrated in Figure 4 . Based on the Pareto frontier we have five non-dominate solutions, but in this research we handpicked the combination with maximum bias to objective (intelligence) and with setting this combination, the model is solved as a final point. The results are summarised in Table 11 . The results show with the selection of S1 (FE system) from vendor 1, S2 (EP system) from vendor 1, S3 (LG system) from vendor 4, S4 (FO system) from vendor 2 and S4 (PM system) from vendor 2, the IOEC achieves maximum of intelligence decision support * ( ), sv I maximum coverage of the functional and non-functional goals and maximum integration, as well as minimum amounts of cost and time. The deviation variables associated with each objective and the optimum values of the objectives are also shown in Table 11 .
Table 11
Results of the solved model (X sv , d i ) It means by utilising this software selection roadmap, the IOEC managers will profit by the BI supports of systems in their decision, which their surveyed opinions prove this statement. In other aspect, selected software will perform the functions of different departments properly. In continuation of result recounting of this software selection roadmap, it is obvious that software can speak and communicate with each other easily because of possible maximum gained integration. In addition the IOEC will pay a lesser amount of money and spend less time for this implementation roadmap.
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Conclusions
The proposed approach represents a new level of the state-of-the-art in decision support, by taking the BI requirements of enterprise systems into consideration, in addition to their functional and non-functional needs. This paper presents a fuzzy multi-criteria decision-making procedure and a multi-objective 0 to 1 programming model to evaluate and make final decisions about the selection of enterprise systems, giving consideration to the goals of intelligence, integration, functional and non-functional coverage and other implementation factors. After defuzzification of the fuzzy evaluations (intelligence, functional, non-functional requirements and determination of the importance and relationship of the integration issue for pairwise in the system), and after the gathering of quantitative data about implementation costs and times, the data is converted into a parameterised format for a multi-objective model. In this model six objectives are considered that compete with each other: totally maximising the intelligence of the enterprise systems, maximising the coverage of the functional requirements, maximising the coverage of the non-functional requirements, totally maximising the integration of the enterprise systems, minimising implementation costs and minimising the optimal implementation time (because of parallel implementations).
The applicability of this approach is validated through a case study of an evaluation and selection project in the IOEC in Iran's oil industry. In this actual evaluation, with applying Pareto optimality pattern and solving the multi objectives model, five systems were selected from four vendors. The results help the IOEC to acquire a system that provides maximum intelligence in decision support, the most functional and non-functional coverage and maximum integration, all at minimum cost and time.
There are some main contributions of the current research. At first, this paper proposed BI capabilities as evaluation criteria for enterprise systems. Second, it provided a new and more holistic multi-objective model to select enterprise systems with considering six aspects of software quality and implementation. Third, a Pareto optimality pattern has been utilised to balance the priority of objectives to achieve the best solutions.
Although the case study is related to a specific enterprise system and industry, the same approach can be applied to other enterprise systems and different organisations. VBA in Microsoft Excel were developed to carry out the fuzzy calculation during the actual evaluation. Therefore, an increase in the number of requirements is not a limitation, but the main limitations of this research include the needs for gathering huge data, ambiguity in the exact combination of different objectives and the novelty of intelligence requirements in business and industry.
Applying other MCDM methods in a fuzzy environment to evaluate enterprise systems and comparing these methods in order to develop expert systems for the selection of enterprise systems and also utilising efficient multi-objective and Pareto techniques are recommended for future research. The authors believe that organisations can evaluate, select and acquire enterprise systems in a better way, using this approach that provides them with a decision-support environment with BI capabilities.
